Background: Several studies have compared robotics-assisted (RA) and conven-
Computer-assisted orthopedic surgery (CAOS) is being performed since the last 30 years. In the 1980s, CAOS was first performed for artificial total hip replacement, which greatly improved the accuracy of THA. 5 The existing CAOS technologies can be broadly categorized into image-guided (based on computed tomography [CT] or X-ray fluoroscopy) or imageless navigation systems, positioning systems (patientspecific models, self-positioning robots, etc), and semi-active or active robotics-assisted (RA) systems. 6, 7 The advances in computer and artificial intelligence technology have resulted in parallel developments in RA-THA. 8, 9 In 1992, the first clinical trial approved by the Food and Drug Administration found that a RA-THA system (ROBODOC, a custom industrial semi-active robot system) achieved clinical results comparable with those of traditional techniques, without the occurrence of the complications such as femoral fractures. 10 Both the manual and computer-assisted methods of THA have been compared in many clinical trials; however, most of these studies have small sample sizes. The choice between the CM and RA approach for THA remains controversial. Some studies indicate that the higher accuracy achieved with the RA system translates into a lower rate of implant failure, which in turn means better clinical results. However, others believe that RA-THA requires a larger operating space and longer operation time, which may increase the probability of postoperative infection. 11 Moreover, the need for wider exposure of the proximal femur and placement of the leg in maximal hip adduction and external rotation during RA operation may injure the hip abductors significantly. 12 In this study, we aim to systematically compare the differences between the CM and RA methods of THA through a meta-analysis, in order to gain some theoretical insights that may guide clinical practice.
| MATERIALS AND METHODS

| Search strategy
We searched for controlled clinical trials (CCTs), including randomized controlled studies (RCTs) and retrospective case studies, that compared the RA and CM approaches for THA. We searched the following databases for relevant entries made between August 1998 and August 2018: Embase, PubMed, Cochrane Library, Central, Cinahl, PQDT, CNKI, CQVIP, WanFang Data, and Chinese Biomedical Database. In addition, the reference lists of the relevant studies were manually searched for more articles. No language restriction was applied in the search. The key words used for the database search were as follows:
"robotics assisted," "conventional," "manual," "total hip arthroplasty,"
and "THA." The following combinations were used for the search: "total hip arthroplasty" or "THA" and "robotics assisted" and "conventional" or "manual." The literature searches were performed by two reviewers, and a third reviewer was consulted in case of any difference in opinion.
| Inclusion criteria
Inclusion criteria for the analysis were as follows: (a) articles published after August 1998; (b) reports on RCTs, prospective studies, retrospective studies, and cohort studies; (c) patients aged greater than 18 years and diagnosed with severe hip disease (eg, osteoarthritis, developmental dysplasia of the hip, avascular osteonecrosis, rheumatoid arthritis, and Paget's disease); (d) THA performed for all patients; and (e) data provided on the short-and long-term outcomes, with comparison of the RA and CM approaches (Table 1) .
| Exclusion criteria
Studies that met the following criteria were excluded from the study:
(a) case report or series; (b) meta-analysis, biomechanical or kinematic studies, review articles, or in vitro studies; (c) studies with patient overlap from other qualifying studies or animal studies; (d) studies including patients aged less than 18 years or patients with spinal deformities, tumors, or infections; (e) studies without a nonrobot control group;
(f) studies with incomplete data; and (g) study objective or intervention measures that failed to meet the inclusion criteria (Table 1) .
| Data extraction and quality assessment
The selection of the studies was undertaken independently by two reviewers according to the abovementioned eligibility criteria.
Disagreement between the two reviewers was resolved by mutual discussion or by consulting a third reviewer, when necessary. The risk-of-bias assessment tool outlined in the Cochrane Handbook was used to measure the methodological quality of the RCTs. Six domains were evaluated: random sequence generation, allocation concealment, blinding of patients and personnel, blinding of outcome assessment, 3 | RESULTS
| Study characteristics
A total of 249 potentially relevant articles were identified. After screening all the titles and abstracts, 215 studies were excluded from further analysis. After reading the full-text of the remaining 34 studies, 14 studies, comprising 2324 patients, were found to meet all the inclusion criteria (Figure 1) . The study quality was assessed by using the modified Jadad scale. As per this scale, the total score was 7 points, with scores of above 4 indicating high quality and those below 3 indicating medium quality. Among the 14 enrolled studies, 12 were of high quality, while two were of medium quality (Tables 2 and 3 ). 
| Complications
We divided the data on complications into eight subgroups for comparison between the two methods. The subgroups were as follows:
intraoperative femoral fracture or cracks, postoperative complications (nerve palsy, thigh pain, knee pain, dislocation, or heterotopic ossification), revision surgery, and the total number of complications. Ten trials were included for this comparison, and intraoperative or postoperative complications between the RA and CM groups were compared. The fixed effects model was used for the meta-analysis because the heterogeneity between the studies and subgroups was not significant (I 2 < 50%). The results of the analysis showed that intraoperative complications (95% CI [0.14-0.72], P = 0.006) in RA group (1), (2), (5), (6), and (7) Figure 3 ). 
| Functional outcome
| Safe zone of cup
According to the criteria used to define the safety zone (Lewinnek et al or Callanan et al), the radiological data were divided into two subgroups. Four trials compared the RA and CM groups in terms of the incidence of cup placement in the safe zone. A fixed effect model was employed in the meta-analysis because the heterogeneity between the studies and subgroups was not significant (I 2 < 50%).
The results showed that the RA group had a significantly greater number of cases of cup placement in the safe zone as compared with the CM group (95% CI [6.34-12.35], P < 0.001; see Figure 6 ).
| Stem alignment
Six of included studies compared the RA and CM procedures in terms of stem alignment. Since the heterogeneity between the studies was significant (I 2 > 50%), the random effects model was used for the meta-analysis. The results showed that stem alignment in the RA group was significantly better than that in the CM group (95%CI [−0.72-0.08], P = 0.02; see Figure 7 ).
| Leg length discrepancy
Four studies compared the cases of LLD in the RA and CM proce- 
| PUBLICATION BIAS
All the 14 studies included in this meta-analysis were evaluated through a strict quality assessment. Six of them were RCTs, while the remaining eight were CCTs. Therefore, the possibility of a bias was low. However, the funnel figure showed that there was a slight bias; this may be associated with the incomplete collection of relevant literature, insufficient sample size, and differences in the level of expertise of the surgeons. Further, sensitivity analysis showed a good overall result (Figures 9 and 10 ).
| DISCUSSION
CAOS relies on a variety of imaging modes (radiography, MRI, CT, etc), real-time tracking, and various robotics technologies. 6, 25 The fundamental concepts and technical elements of CAOS emerged in the mid 
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The first robotics system used in orthopedics for THA was ROBODOC, a customized industrial active robot 36 ; it is an intelligent system that automatically completes the surgical procedure according to the preoperative plan and does not require manual operation or assistance. 37, 38 ROBODOC allows the surgeon to operate the robotic arm manually. The semi-active robot allows the surgeon to operate the mechanical arm manually 39 (eg, MAKO Systems, Los Angeles, California). RA technology has been reported to improve the accuracy of the placement of the prosthesis by computer and robotic arm operations, resulting in small deviations and few outliers. 39, 40 Despite numerous advantages, RA hip replacement also has some inherent deficiencies. 41, 42 For example, robotic manipulators require more space and longer operating time, which may increase the risk of bleeding and infection. We compared the operation time in the RA and CM procedures. The results indicated that the operation time Intraoperative and postoperative complications are a major factor influencing the safety of robotic technology. In their study, Perets et al found that they 3.8% (n = 6) of their patients who underwent RA-THA sustained greater trochanteric or calcar fractures. These rates are less that those expected for the CM approach. 43 In our study, nine trials were included in the comparison of the intraoperative complications (intraoperative femoral fissure or fracture). The results showed that intraoperative complications (95% CI [0.14-0.72], P = 0.006) in the CM group were significantly more frequent than those in the RA group. The lower rate of intraoperative fissure or fracture in the RA group than in the CM group may be associated with more precise grinding of the acetabulum and more accurate placement of the femoral stem, which eliminates the need for wedging. This provided protection against intraoperative fracture for patients undergoing RA-THA.
Dislocation is one of the early postoperative complications in THA.
We observed a much lower dislocation rate (95% CI [1.12-4.67], P = 0.02) and revision rate (95% CI [1.11-7 .50], P = 0.03) in the CM group than in the RA group. Lewinnek et al found that anterior dislocations after THA were associated with increased acetabular cup anteversion. 44 In contrast, posterior dislocation was due to the insufficiency of the abductor muscles (eg, gluteus medius and piriformis).
However, the injury to abductor muscle or tendon may be associated with the differences in the surgical approaches. Adopting the posterior approach may reduce the need for muscle excision and interference.
Weeden et al reviewed 945 cases in which the posterior approach THA was performed, and they reported an early dislocation rate of 0.85%. 45 Another study that reviewed 60 patients who underwent THA via the direct anterior approach revealed an early dislocation rate of 1.7%. 46 Therefore, significant differences in dislocation rates may be less relevant to robotic techniques. Moreover, our results of metaanalysis demonstrated that the rates of the complications nerve palsy, knee pain, and heterotopic ossification in the two groups were similar.
Heterotopic ossification is caused by the abnormal growth of new bone in the soft tissue around the hip joint after THA, which often causes joint rigidity and movement disorder. 47 However, Chen et al have shown that the rate of heterotopic ossification was significantly higher with RA-THA than with conventional THA. 48 This is very different from our results. Chen et al reported the following risk factors associated with heterotopic ossification: etiology, cement implant, and muscle trauma. It is clear that the first two factors played a very limited role in this study, and muscle trauma was the main relevant factor. In RA total knee arthroplasty, it is possible to delineate the optimal cutting path, thereby avoiding injury to the abductor tendon and greater trochanter. 21, 48 In other words, the damage caused by RA-THA will be minimal, and the risk of heterotopic ossification should be lower, which contradicts the findings of Chen et al. Therefore, we have reason to believe that our conclusions are more credible. Regrettably, few reports focused on the learning curve of RA-THA.
Redmond et al performed a review of 105 RA-THAs. THAs were compared in a retrospective cohort. 19 They found that orthopedic surgeons can immediately and significantly improve the placement accuracy of the acetabular cup during the learning curve of robotic techniques. Because the exposure to robotics technology is basically consistent with that of traditional surgery, the learning curve will not be too long. Orthopedics were able to grasp this technology within 10 RA-THA procedures.
| LIMITATIONS
This systematic review has several limitations. First, the level of evidence obtained from the 14 included studies was moderate. Eight of the studies were case-control studies, while the remaining six were
RCTs. This lack of quality could add to the risk of potential bias in this study. Second, two studies published in different years by the same authors were included in this meta-analysis. These studies have different research designs and sample sizes. For example, Domb et al compared 160 RA-THAs with manual alignment techniques, using a matched-pair controlled study design in 2014. 15 In a subsequent study, published in 2015, the same group assessed and compared the accuracy of 1980 THAs through a multi-surgeon study. 16 It is difficult to determine whether the same data overlaps in different literatures. This undoubtedly increases the risk bias in the results of the meta-analysis. Third, some of the studies contained insufficient information for pooled analyses. In the case of the study by Bargar et al, some continuous variables in that study do not have standard deviations, which could not be included in the analysis. Fourth, the metaanalysis encompassed three different RA systems (ROBODOC, MAKO, and CASPAR), which may also potentially increase bias.
Finally, we reviewed literatures that were published over a period of 20 years. During this period, the RA systems have undergone significant changes. For instance, the registration time of different versions of the same system was reduced from 30 to 2 minutes. Different versions of the same robotics systems were included in this metaanalysis, which could introduce some degree of bias in the study.
Nevertheless, we screened and identified the relevant articles carefully using multiple strategies. Strict exclusion and inclusion criteria were used by two independent researchers who individually evaluated the methodologic quality of each study. Besides evaluating the safety and accuracy of RA-THA, we also determined the rates of specific complications, component (acetabular cup and femur stem), radiological outcomes, etc. Hence, our study provided the most detailed and latest information in this area. Xiao-chun Wei https://orcid.org/0000-0002-6175-4346
